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ABNER: The ASA Computer
Part 11: Fabrication, Operation, and Impact

SAMUEL § SNYDER

This is the second excerpt from Mr. Snyder's study of ABNER, a profect
originally esiablished under the Army Security Agency, and then adopted by AFSA
and NSA. Part I gppeared in the NSA Technical Journal, Volume 25, Number
2 15pring 19801

{U} It was probably nat just blind ceincidence that at about 1he same time
{July 1948} we were negotiating with the Malionat Burean of Standards {NBS)
for their design and consulting services, Dr. Solomon Kullback, Chiefl of
Research and Development at ASA, cffected 2 reorganization that made
available the nucleus of the team of engineers that built ABNER. A new
division, CSGAS-77, had been created, headed by Charles Schicdmann, to
be responsible for anaiylic equipment development. In July 1943, a new
vranch, CSGAS-77A, was formed, with the specific responsibility to leam
about the new electronic computers. Dwight Ashley headed the new branch.
Roger D. Moulion and Kirk V. (K. V.") Bell were among the first to join
Ashley, Ray Bowman had been requested, but was not released from bis
other assignment until about a montk tater, As far as | ¥now, my [ Awgust
1948 leclore to Ashley’s group, abowl computers and the basics of computer
programming, was Lheir first exposure 1o the principles of computer Yogic
and {0 some of the ways we thought a computer could be used in Agency
applhications,

{Ui It was during July and August 1948 tha several internsl discussions
and meetings with Buregy of Standards officials resulied in the agreement
which has been described in Parl [. Among those who wok part for ASA
were Leo Rosen, Schierlmann, Ashley, and Moulton. Since the agreement
with NBS provided that ASA would build its own computer using designs
and drawings 10 be furnished by NBS, it seemed that our people would hawe
to “*mark teme’" until the ASA Computer design was compleled for us. OF
course, during the next five or six months, they were not exactly mdle. There
were several mectings o seitke the design denails of our compurer, and also a
regulag seqics of fectures by NBS for our engineers' indoctrination. [n these
tuiorials at MBS, conducted by Samuel Lubkin {at first), Sam Alexander, Al
Leiner, Bob Elbowrn, and Ralph Shuiz, the principles of computer logic,
serial dyaamic cercuitry, and the implementation of arithmetic processes with
binary logic were described. Ashiey, Bell, and Bowman were the ASA
engineers who mel regulacly with NBS, and within the first foew wecks they
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were already 1esting some of these design principles by laying out for
themselves what they felt our compulier might be Jike.

{UY By December 1943 the engineering stafl had begun to grow, and
specific assignments in the various spetialties were being made. Tom Lane
joined 1he group in September 1948 and was Biven responsibility for timing,
instrtumentation, and basic pulse circuitry. Kirk Bell had begun a study of
one of the most imporrant components in all serial dynamic logic: the
leciric delay line {reore on this tater}. Carrol! T. Robinson assisted K.¥.
with etectric delays, and alo Loncentrated oo pulse tranformers. Walter
McGough joined the group in December 1948 and started work on gate
structures. William Syphax was responsible for the main power supply, and
later worked in the input-outpul arca. Ashley and Bowman were the chief
togic designers. This latter sclationship worked out very well, although
Ashiey more and more beame the overall administeative supervisds, while
Bowman spent almost fuli time on logic design of individual instructions.

(U} 454 Design Dectsion. On 15 December 1948 conference took place
fn Dr. Kullback's office, ar which we discussed the delays in NBS® getting
started an our design work and in placing the order for the mercury delay
memory. The following day these sentiments were passed on (o NBS propie,
with inconclusive results. The Bureay was still considering two comparnies,
Sylvania and Technitrol, for the memory work. The issue was finally sciiled
in February 1949: Technitrol Engineering Company of Philadelphia got the
contract (o build mercury delay memories for both NBS and ASA. The
Bureau's computer was 1o have a 512-word memory (one cabinet containing
64 3-word r1anks), and ASA's would be foc 1,024 words {iwo cabinets).

{U) In the previous section, we have described some of the design changes
from 1he basic EDVAC which were being proposed and later adopted for
ouf machine. This was an exciting time for us all, particelarly betause of the
mutual stimutation among programmers and engineers, which brought about
the many refinements for which ABNER has been noted. But Ashley and
company had an additioral stimulus, and a very serious responsibility: they
were undertaking to buitd the computer.

(U} Amaong the cacly questions considered was tiow we planned to express
data and instructions for inpur. That is, since the computer would deat with
everything in binary form, shoplkt we attempt to get inio that form Before
eatering the computer, or use the computer itsclf 1o do the conversion? We
programmers were already familiar with ATLAS and its octal system {three
binary bits = one ocial character) for expressing the binary valoes (data and
instructions) stored and manipulated by the machine. We decided 10 adaopt
for the ASA Computer a systermn of decimal and alpbabetic representanon
that did not reqitice a programmer to learn an utnateral system of notation.
Berause 1he Mmercury memory wis limited in size and would be needed for
actual problem programs, it was decided 1o perform the NECESEATY CONVErsions
from decimal or alphaberic 1o binary form externally. Thus, the first actual
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onsteuction for the ABNER installation was 2 “‘stand-alone™” decimal-lo-
;imry convesting device, it was completed in !H_Iarch 1949 It W'ashlatcr
dismantied when the decision was made 1o buikl a mote wthtlc?tc.d
converter capable of dasa cenversion emong several different media. This is
isciussed more Tully below. . )
‘ (U} By January 1949, il was becoming apparent tl.m l'_UBS_engmccn w;r‘:
not likely to be able to de the ASA Compuier design Job_ m‘ a [casona
time, largely because they were putling a great push on' finishing their own
rmcl;jne as soon as possible. In fact, while our engincers were afready
designing improvements in, and additions to. 0ur. original pia'n. sufch. '
automatic accumulation and repetition, the NBS eogincers were still m:m;r:‘
and argwing against most af our ideas. Ashicy and Bowman pru'poscd o Mr.
Schisrlmann and Dr. Kullback thal we go ahe‘.-nd. and ffomp etc ou‘fho;:
computer design without waiting for NBS. Pcrmus_wn wai granked, wil e
condition 1hat we not reveal this to MBS, but conlinue regular contacts wi
them, ) . )
h(U} Instrumentasion. Just a5 a carpentes Cannol begin ?o function withouot
hammer, screwdriver, and the like, tbe electronics engineer needs proper
toois A‘nd of primary importance is (he oscilloscope, his way ot!' l:;::;ni:‘;
: i he ABMER weam was being formed,
and comparing pulse shapes. As ¢ ' A ! g 1
began 1o face the realities of dealing with dynamic scn.nl:n :Dﬁl.i ::ct:cc ::J;:I:
i arent t
range of a megacycle per second, it became app:
sco;g:es being used in our labs, such as the Dument Madel 208, were h:o:
adequate. Fortunaiely, Waorld War 1) radar developments had bmushn:ja ”:n
mew instruments such as the Tektronix-51). These were ordered a
became the workhorse in the field. . .
{U) An imeresting scope adapuation, made m‘ _our"own Lal::;n::: 0::1:
ingenious application of the recently-developed "I:llw_cc m?; s
i cul hich made it possi
ineers worked out the Oimcuitry w ) . i
:?rﬁulunmualy 1wo pulse shapes aad two siraight lines {for mfercncje). With
such a dispiay, one could adjust (iming and Ivoztagc Ie.vels_ mn‘rc r!adil?f.led o
{U) Companents. In its ssmplest form, scrial dynami circyillry COTSIS o~
a diode gating steucture which fed the grid ot: a 6ANS pentade vacuum haf‘:h
{Sec Fig. 1). The plaie of e tube worked imo a pulse 'm','m:";:r ulv F
ther i jrecily or through clectric delay lioes,
drove opther paling struciures direct o
i i imi he time ABNER was being bu
depending on the dosired timing. At & i . !
(I‘;:R—WSI}, the principal componests required in a megacycle compuicr

¥ nd
using dynamic circuitry were diodes, resistors, {ubes, puise (ransformers, a )

delay lines, These were the building biocks our of which the logic strucllur;

were 10 be created. Because in a seriz! machine Stl'caﬂFG of pul.rp ‘f“,"' 4;1Wuﬁ

combined and switched according Lo gertain rules of binary logic, ur.n.mg )

of paramount importance, and a firsl requiren-um_l:ns a I:I::: orp: :1;
i - tock pulse oscillator was on

Producing a Onc-megacycle master -~ :

Lane's ﬁfst jubs. Each microsecond was further subdivided into three pans
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Fiz. 1 — ARNER Components
Tap i0 barmom: pube fransformes;

Corp. for ABNER (2); Sylvanu diode, RT15: kemtran dicde, K45

called ‘fphns:s." so that the logical designers could assign to phase |, 2, and
3 the different logic steps into which each nstruction might be bmkel:l ’
{U)‘ Another critical component in ABNER’s dynamic circuir b
_clecmlc q:lay line. Bell and Robinson carly in the r:urojc-:zr-'lim‘:::-s ~
mvestigation of ¢commercial sources. The t¥pe more or less readily a\m;:la;:
::i li?.at known as "jumpedf?ns_tanl," wr_lic!: was felt 10 be too restrictive,
t!d, for f*“ complex logic involved jn many ABNER instructions, it
l\:on be desirable (o have one finer tuned or with more flexible choice of
nglhs of _dciay, The NBS cut kengihs of coaxial cable, called Millen line, 1
aCl‘IIC\."e this §eiay, but this was quite bulky. Beil and Robinson decided’ tg
:xper‘e‘mcnt with m.ellwfis of building the “distributsd-indmtance—and-capnch
s:ncc typ'c of della)r Ime.l The result was a3 unique design that had certain
gic:_m“[i.:c“ a::anrsm. flexible fengths, and satisfactory electrical characteris-
sty y line was r.mde of A polystyrene rod with silver coating
ing c:lm, or slots, in the silver; around the silver<oated rod w
wound fine insulated wire. Ome problem that cawsed some setback am:

when j i i
en il was found that the <utting of slots in the sijver layer gave rise 1o

down.
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“buprs®® or rough edges which scratched through the insulation of the fine
copper wire. [t was necessary to include a step in the manufacturing process
to smooth out the silver surface before winding. The delay lines were made
in our own labs by a team under Bell's supervision.

(U} Every ABNER instruction consisted, logically, of circuils that
included a number of “‘gates.”” Each gate, very simply, wes an electrical
mechanism for producing an cutput pulse upon receiving two or more input
pulses. The two most common types of gates are “‘and" gates (deliver an
output only if all inputs are present) and ‘“‘or’* gates {deliver an output if any
one of its inputs is present). The gates were built up out of only a handful of
diodes and resistors. Using various combinations of these gates, circuits were
developed to perform standard computer functions, including the following:
recirculation, dynamic fAip-flop, full adder, complement, binary counter. The
complex arithmetic, manipuletive, and analytic instructions that made up
ABNER's repertoire were created using these and similar circuits.

{U) Power Supply. Although not a tool, as is the oscilloscope, the power
supply bears a similar relation to the rest of the computer in that all circuits
make use of it as an energy source. The power supply in any large clectronic
equipment must deliver a number of regulated voltages; ABNER’s circuits
used +200, +820, +62, +4, +2, —5, —38, — 10, and —65 volts. Al the
time our project was getting under way, commercial suppliers were **few-
and-far-between,'" and it was decided we could build our own. William
Syphax was assigned the job of designing it. The power supply was
completed in September 1950, its several voltages were made available at
cach ABNER panel by means of open “‘bus hars™ to which necessary
connections were made. Unfortunately, maintaining vollage levels within
required limits proved to be a problem, and in October 1951 the decision
was made to order a new power supply from a commerical source. The new
power supply was delivered on 7 November 1951; although bulkier (twelve
standard 19-inch open relay racks), it proved guite dependable.

(U} Memory. On April 25, 1950, the first half of ABNER memory was
delivered by Technitrol. This amounted to the 64 tanks (¢ach was a plass
tube 21-3/4 inches long, with inside diameter 3/8 inch, and quartz crystal at
each end), electrical circuitry for pulse amplification, reclocking, and shaping,
and cabinet. It was our responsibility to clean cach tube with derergent and
fill it with mercury obrzined from a chemical supply firm. Donald M.
Rickerson was in charge of this process, assisted by Charles Matthews.
Apparently the cleaning and filling process went very well; in only about one
in len atlempts was il necessary to repeat the process. A feature of the
mercury delay line memory was the solid block of aluminem clamped tightly
to the ¢abinet. This aluminum was important for maintaining a constant 50°
temperature, and as we shall see, most of our memory failures were related
(0 temperature variation. Several months later, the second cabinet of delay
line memory was delivered and the tanks filled with mercury, Figure 2 is a

i
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:::\\; j:i; t::nel;uch hcabrmt. partally completed; positions for 32 delay lines
—the other set of 32 are in back and i
other side of the cabinet. B g

{U} Inpur-Outpur. Consider a relay race: runner number %o is poised

receive the baton from runner nu -
mber one. As runner

: number one

:Cllperioac:m, runner number two begins to move into position; in fact, he

crates 1o a speed almost equal to that of runner number one, so tha‘t he

Fig. I—Mercary Memery
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can @#ccept the balon and cominue the race with munimum slackeming, or loss
at transfer. Even if the speed difference at transfer were great, such as two-
to-one, the race could be continued. 11 the ratio of the two runners’ speeds
were several thousand-ig-one, however, the race might be forfeited; at best
the acceleration time woukd constitule a serious loss.

{U'} Like the relay race, compuler input-output must address the problem
of “*Interface,”* that is, the boundary or point where open accommodales the
difference in speed between the human's and the computer’s normal
operating mode. Since ABNER’s speed (actual memory recycling rate) was
more than 20,000 ninecharacter words per second, it is casy to see why
special provisions were required to take care of the man-machine interface.
This interface problem usually has besn overcome in Iwo or more stages:
typically, a keyboard (operated by a human) produces punched paper tape or
punched cards. The tape or card may be “‘read’ at somewhat higher speed
and converted 10 magnetic tape. The magnetic tape can then become direct’
input to the electronic computer, at still higher speed, and the data or
program received and stored in computer memory, where the information is
processed at even greater speeds. Similarly for output from computer.

{U} In the case of ABNER, we further compounded the input-output
difficulties by deciding 1o provide maximum flexibility (read that **maximum
variety"') among input-outpii media. From the beginning, it was planned to
have Raytheon magnstic tape drives; a CXCO electric typewriter and paper
tape reader and punch were to be the mechanisms for producing the imitial
record. Il was soon decided to add the capability to read and punch 1BM
cards, add a Ferranti photoelectiric paper Lape reader, and acquire a high-
speed line printer. Add to this the capability of converting punched cards to
magnetic tape and vice-versa, independent of computer operation, and it is
apparent that ABNER engineers were putting together the world™s most
sophisticated input-cutput capability, as well as the computer with the most
advanced logic.

(U} In September 1950 a sub-task was set up, called “Tape Preparation
for ABNER,"” 1o give needed additional support to ABNER's input-output
and conversion problems. In January 195F, William Syphax began work,
pari-time, on design of circuitry and devices required to put snformation on
magnetic Lape from paper tape or punched cards. '‘Sy’" had completed his
work on the power supply. and he was required only part-time to supervise
its performance as the rest of the computer was being checked out. A
converting unit was constructed to serve as a means of making magnetic ape
from IBM punched cards. Since it contained 15 own buffer memory and
control circuitcy, it could be used to prepare magnetic tape while ABNER

YUY Even here, the mput from magnelic U is oo, sinctly spealing, direo) received—i
musl pass through some form of LEmporary siorage {bulfer'’] before going 10 (el compuier
Wemnory
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Was in operation. The converting unit could also o 7
;o;npl::e; directly from punched cards, and also ttt‘:e p:‘::‘;:copu:‘ci: r::::: :
utput. standard IBM Collator was the mechanism fo i
words per sclcondl and the output used a keypunch (2 wrrdscu:ermsi:;r:dijé
About I:hc time Syphax and company were designing circui :
magnetic r.ap:s,_ three Raytheon magnetic lape drives were on order. Th
Was some question at first whether the machines would be delivered I b t_n
May IQS!_che first magnetic tape drive wis received. I was found ‘t '::am
f:uhy bearings in the _capstan drive, and the defective unit was later re:lace;e
A sm;d tape machine came in TIn!y 1951, and 12 additional tape driw:s-
ere ordered, several to be used with other analytic equipment.

that we were moving tape at 45-1/2 | i peed
2 \ inches per second {ips), & 5 t
ﬁr:es wcHreU;oI; ’dmgm:d to attain. In fact, Raytheon's own first compt:::
ject, CANE, used the same ty i ips i
) s pe of drive at 30 ips in compu
:’f:rgdmgs a:;i only 15 ips in peripheral use. In February 1953, |.E ::Elt:}r'
rofi werc lent to the section and under McElvy' irectior
allack was laupched which eventually led 1o success. VRS
mf{sU[L I;cause of e:j!«: lack of uniform quality of magnetic tapes, cach reel
inspected and a ‘“‘sync”’ track recorded which cd‘

1o identify “‘good** places on ta itior e i
ntif} pe. At each position on tape 50 marked
five-bit-wide data could be recorded, and in subsequent use r;d ‘i:::)
?;pz;:er memory or rerecorded with changed information The 1;105[ serious

HMculty was caused by read-while-write operation; that i : i
; rea 3 is, the machine w
;cpadwa ;:rncbfuls: ?tdfcmafymg & good place on tape) and immediately wor::g
€ bits of information, physically adjacent 1o the
pulse, Unfar:urla!e!y the volt i i g
p : 1 ages required to record on ta i
cross-lalk™ which affected the abilit o, Th: Lo
) ¥ 10 read the sync pulse. i
caused prolonged difficuitics and resisted many efforis at g folutiel;rh e
(U} _T]m.e problems were finatly h
z:}r:;cgles. I'Phe corcl windings on the 1wo sides of read-write heads were
w;;;::::a:l; nof;q::llng ptfataritis, thus greatly reducing the impact of the
. ranstormers. Damping circuits were desi i
| fea . gned 1o get ri
?i fcsrd;a‘[ oscillations. New improved reading heads were designed emgc buil‘:l
rl}s,aérllaliy. better tape (*Trish*"} was obrained from Orradio Co
be(m)adc ;Iefefhihe{ ?!cslgIn flexibilities aiready mentioned, special nat.c should
a ollowing capabilities of the magnetic 1
operational after ovércoming so many serious shon«:ompicngssm::n‘bin:::
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possible lo interchange tapes; that is, tapes writien on ong machine could be
read on a differemt machine. This system was one of the country's pioneering
cfforts in this respect. Also, the ability to read and wyite lape in sither
forward or backward direction of lape motion, with sclective alteration, was
a feature stilt not generally available almost 25 years Later.’

{U) There were some occasions when producing output printed copy was
o cumbersome via CXCO electric typewriter. The ANELEX high-speed
“on-the-fiy”” printer, developed by Anderson-Michols Company with partial
support by NSA, was ready 1o be tested, so it was decided ro attach this
equipment to ABNER. Its operation was under program control, as with the
CXCO typewriter; setting a mapual swilkch on the ABNER Console
determined which mode of output printing was in effect. There were fonty
print wheels, each containing 26 letters and 10 digits. The wheels were in
continuous rolation, and timed hammer stroke selected the character to be
printed. Speed was 8 lines per second, yiclding an cffective maximum rate of
19,200 characters per minute.

{U) Check-Out. By September 1951 ABNER construction was far enough
along to begin checking out individual instructions. Lane and Rickerson ook
on this responsibility. Even though much of the computer was still to be
built (console, input [ypewriter, tape reader not yet connected), and the first
power supply was far from reliable, they succceded, on § September, in
executing a “‘wrile'” operation into memory. And on 14 Seprember the first
operation of the “‘add™" order ook place. Within a few days, several ather
instructions were successfully execuled, and on 21 September 1951 our first
real program mn successfully! [t wag a repefitive sequence of “‘add”
instructions together with test for end; it verified our estimates of ABNER's
operating speed by cxecuting 60,000 such operations in (.5 minutes. The
reperition and a&oc late features, plus onc halt register, were checked out
on 27 September, and a few days later all three halt registers ran perfectly.

(U) In October 1951 the console and control table were installed, and
wiring connections for CXCO typewriter and paper lape equipment were
being made. The first console and control table included unique mechanical
equipment for automatically converting four decimal addresses and aiphabetic
operation symbol to binary form, for manual input of instructions, and also
for binary-1o-decimal conversion of data and instructions from memory. The
mechanical conversion srrangement tumed our to be unreliable, and a few
months later it was replaced by one using electrical relays. My diary entry
for 31 Oclober notes, “*Tom succeeded in execuring an automatic 1ape order!

U / v, ==
%US In addition to McElvy. Groff, Sikes, and Bostick., others who provided valuable

assistance in finally gerting the magnetic tape drives inlo reliable operating condition, were Ted
Stewnrt and J. A Keels. A special appreciation should be expressed for creative contributions by
n loan to the group.
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Information directly into memory!' My brief diary comments in those days
only hint at the excitement accompanying each trivmph.

{U) NBS Design Delivery. On 30 October 1 received a telephone message
from Al Leiner of NBS: they would soon be sending us our ABNER design!
We had all but forgotten the Bureau of Standards original agr t—here
we were, in test operation of a nearly completed ABNER, and NBS was still
promising delivery of their design for a (much less sophisticated) machine for
us. It was almost six months later, on |1 Aprl 1952, that Leiner and Sam
Alexander finally delivered our computer plans. In 2 meeting with Kuliback,
Schierlmann, Ashley, and myself, they unveiled the rather large package. The
description of their work was preceded by the siatement that they had used
up all our money and had finished the job using part of U.5. Air Force
funds—we were getting a bargain! After listening to their description of the
design details, we then revealed our little secret by letting them see copies of
the ABNER Manual, complete with analytic insteuctions. 1 proceaded to
describe the system delails, and concluded by explaining the operation of a
program we would be demonstrating on the actual completed machine: a
touline to form an idiomorphic pattern from alphabetic text. Needless to
say, our NBS friends were shocked and surprised (maybe “‘dumfounded™ is
the right word). By this time, of course, most of the analytic instructions
had been checked out, but we were not at all sure ABNER would perform
for our visitors. We need not have worried—we fed in the rape containing
the program, followed by a data lape, and pushed a button: in 2 couple of
seconds the typewriter was banging out perfect resulls!

{U) Final Check-Oui; Early Operations. On 25 April 1952, the last analytic
order, cyelic iransfer, was checked oul. By this time, incidentially, several
full-scale programs were operational. However, programs requiring large
quantities of input dala and others with fairly messive output printing could
nol be tried, principally because our converting unit was nol completed. We
also began to make firm plans and design work for attaching a high-speed
printer. Of course, at this time (mid-1952) our magnetic tape system was far
from operational. In May 1952 we had gotten the Ferranti high-speed
photoelectric paper 1ape reader into operation; it turned oul to be the most
reliable and populsr input mechanism.

ABNER Serial 2

{U} In November 1950, while we were still toying with improved anslytic
features for ABNER, Amold Dumey remarked that he could foresee the
need for designing an ““ABNER H*. It was not until June 195!, however,
that form2l recommendations for building one or more logic copies of
ABNER were forwarded. In March 1952 a Purchase Description was
prepared; the official designation of the equipment was “AFSAF D-53
The machine came to be referred to as ““DEF-53," or ABNER Serial 2.
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tract was under way in July 1952, providing for & mnchmF
lo(g?c:l?;hcidz:?ical to ABNER(1). By November !_952 Technilwl‘: experi-
ments with altemate means for constructing dc}ay hne_s seemed ioB r:;{;: ;s:
of quartz instead of mercury as the acous‘h_c medium for A . .1 y's
memory. It was felt that quanz was less sensitive 1o lempleraft.ure v;r;atmn:é
and also had the advantage of smaller size and grleater reliability, a vmuB
climinate the messy filling problems connected with a mc_n:un« memory. By
January 1953 the decision had been made to go ahead with the guartz-type
delay lines for ABNER(2).

(J} Another change from ABNER({!), pmp(?sed inIDcccmb-cr 1952, was
for a small group of memory locations 10 be built phw:rslcaily apari from n:xnan
memory, and each individually accessible in a single cycle. A Iscnous
preoccupation among ABNER progr:mmcrs’ was !hc placement of mt;uc—
tions and operands optimaily with respect to the :lg}ai-worf}-lons.?ehy nes
of the mercury memory. The new proposal, nick-mmed “SCAT mcmnr:d
would make 1§ words available to the programmer wuhouf any dclaylbeycb
the one-word cycle time. The SCAT idea was well received, equ:mlly t:
Programmers, who could plan for their most frequcmly-needcld mulmcs‘ to .
placed in these special locations. After some programming experimen
indicated that a larger number of SCAT words wnu?d_bc justified, a contract
modification was approved, in February 1953, providing for a SCAT fe.atg
of 128 words. Other design changes called for the use of_ G-pha.w {as oppo!

1o 3-phase) timing, 4 set of four *‘operational plug-in u_mts for the memory,
associated circuitry, and the computer itself: and improved iemperature
regulation and electric delay line packaging. ‘

g{U) Stil} another important difference between the two ABNEI:.S was :i::
redesign and construction of the console. Whereas th:: ABNER! ]lcon:‘c
emphasized compactness {it was probably :he_wo:‘tdl 5 smallest emt\; h;‘I
computer console), it was the butt of some seml-denswc_comm:ms { ¥ !
No flashing lights?"), and possibly a problem arca for mlnlemnlcal: cnguémfs.
There were also programmers and operators who expressed a legitimate Ec;:;
for a fulksize, desktop operations and maintenance \consc!c.fof ABNER( 4
having larger, more flexible controls and displays. Figure 3 is a photog:apis
of the ABNER(2) control desk, and Figure 4 shows [hc contro,
diagrammatically. . .

(sU} The final important modification to ABNER{I} was ipitiated in May
1953, with an amendment to the contract o pmﬂds a mc_ans for later
increasing the size of ABNER memory. To make this possible, 1\:: ;l;oS;:
remaining order symbol {(“*N'") was used. Thc new MmEemory s_cﬁcc“ .
instruction was designed 50 as to permit specification and eventual utiliz :ot
of one of four 1024-word memory banks, for each address in subsequen

YU} See "ABNER The ASA Computer, Pane 1, NEATY, 25, 2 {Spring 1530
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Fig. 3 — ABNER{)) codsela {1}

instrurtiony. As implemented 2nd delivered, ABNER(2} had 7,048 words of
quarly delay lines, including the 128 word SCAT memory.

{U) By Ocwober $954 (the original estimated delivery dote was September
1954), Iesting a1 the cantrexwor site indicated several more months wouid be
needed, Finally, trucks and vans arrived and unloading began. On 9 May
1955, installation of ABNER(}) in B Beilding Bl Atlington Half hegan.
Getting the machine assembled and working properly proved to be extremely
roublcsome. Perhaps the best hered  probi was the ‘‘flooding'”
bencath the main computer cabinels, Becawse the aircooling was at times
exceasive, there was o much condentation from the Aumid environment that
waler cottected in puddics. One of the first emergency steps whken was fo buy
and inatel! & sump pump. Afier Techniirol baked the eleciric delay lines to
reduce short cimcuils caused by moistyre, machine operation improved
sufficiently 1o pass R/D acceplance tests {Novewber 19355,

ABNER OPERATIONS
Progrommer Training

" {U) As the ABNER design approached jis fingl stages, plans were being
made [0 train programmers in anticipation of the wse of ABNER for
operationn) jobs. Alw, there was growing intenest among Agency anafywss
and mansgement peopk in the new ABNER computer becawse of its special
emphasis on cryptokogic processes. To satisfy this interest, | was asked to

UNELASSIFIED 1
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conduct a seminar on use¢ of computérs in cryptapalysis. | gave the fimt
lecture on May 9, 1949; other speakers included May, Lathroum, and Rixse.
The talks were given three nimes x week, unitl june 13, 13 sessions n all.
About 35 analysts from operational units of the Agency antended. In addition
1o such scheduled sessions, we had numerous informal meetings with, for
example, mathematicians and others from the Mavy group responsible for
ATLAS, including, in January 1950, Dr. Howard Engstrom and Commander
Steinhardt of Engineering Research Associates (ERA), and Dudly Buck.
Frequent meetings with Dr. Campaigne, Dr. Cramer, Captain Pendergrass
and others served to kesp the two groups abreast of developments.

(U} The next stage in our expansion came wilh acquisition in February
and March 1950 of Lucien G. Berry and James M. Willard. After some
preliminary training, “‘Luke’” began maintaining a file of commercial
computer characteristics, which could have become [with financial backing
and aggressive outside promotion) the world's first computer characteristics
clearing house. Unfortunately for our clearing house idea, we needed Luke
more urgently for ABMER business. and the file was discontinued. Luke
developed into a skilled computer operator, dala conversion specialist, and
programmer-analyst. Jim Willard, originally engineering trained, became a
first class programmer. He learned to program both ATLAS and ABNER,
and wrote several operational ATLAS programs before shifling over 1o
engincering aspecis of R/D's computer developmenls,

{U) During the next year or so, our section really began to grow, with
arnival in Jupe 1951 of Paul Smith, and of Betty Jean Buckley and Janet Salt
in October 1951, With Betty's addition, the group took on the appearance
of, and began to earn the respect due a permanent and professional computer
orgamization—she was our first secrslary.

{U) In 1952 our programming effort was significantly strengthened. Joan
Gaffny (McDonald) arrived for duty in January, Mary M. Gadson (Taylor) in
February, James Pederson in April, and Navy Ensign Edward *‘Ted" Friend
in November. After only a few weeks' training, Joan began to make valuable
contributions, starting with diagnostic programs, and later several large-scale
data processing and cryptanalytic programs {ARC, ORIOLE, TURTLE,
KEVINL Joan's TURTLE program was the instrument for scoring a
significant cryptanalytic success. Mary Gadson wrote several large-scale
cryptanalytic programs, including RAIN-D, which is remembered particu-
larly well by Mary because for several weeks aflter its completion, she had no
success in debugging it. Finally, when the trouble turned out to be due to a
machine-logic error, we all rejoiced with Mary, who fell her professionat
reputation 1o be inact. Jim Pederson’s starl in our section was uwnigue, in
that he was sent to Waltham, Mass., while siill awaiting full secerity
clearance, to participate in a programmers' training course offcred by the
Rayvtheon Corporation. Among the ABNER programs he worked on later
was SAIL, a high-speed wired-rotor decipherment program which was one of
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the first programs Lhat utilized magnetic tapes successll’ullylr. Iirp lefi the
Agency in September 1959 to jein Control Data Corporation in anup‘?hs,
where he has been ever since. Ensign Friend wrote several of the §ubr0un‘nes
for our first *‘libracy"’ or so-called Series 2 routines. However, his principal
contribution was a comprehensive study of sorting methods, and completion
of a rather ambitious ABNER program lo perform peneralized sorting of
targe volumes of data, using mMAgnetic Lapss. Vera Shaffner {Russell) joined
our group in August 1954, and soon became & dependable programmer. \_r‘cra
wrote programs that tested the new Random Jump instruction by uwsing it lo
generate random key. She also wrote diagnostic programs, z_mf! spent some
time revising cxisting ABNER programs by optimizing for ACTESS.
muill In the period before ABNER was transferred w the Produ;tifm
Organization, several PROD people were detailed to our group for lraimlng
and production programming. During this same lime, a group of senior
Agency analysts who were also Army reservisis ook their periods of act.wc
duty assigned to leam ABNER programming. In June 1953 ic following
officers began one such assignment: Bill May, Lambros Calhmahos, Darle
Marston, David Wagner, Albert Highly, and Arthur Levenson; Bil}l May, of
course, was already an experienced programmer. He and Callimahos
collaborated in producing the LAMBCHOP program for monome-dinome
side-coordinate determination, later used operationally in PROD. .
mmilip In 1952-53 several mathematicians from Dr. Campaigne’s mthcmﬂ-
cal‘ research group wer€ detailed in our group to learn ABNER programming.
Of these, we have a record of a program called “AFSAW-7200 Counts.™
This program produced a serics of stalistics to evaluate or assess the
randomness of one-time key tapes. each 10000 characters in fength, And a
Lt. Johnsor. wrote LOOM, a program designed to detect instances of key re-
use by statistical and coincidence tests. Li. Johnson also assisted @ PR_OD
programmer, Li. John Richards, in producing HAYSTACKS, described
below.

Eartvy Operational Programs

{U} In October 1950, the first group of people from the Machine Division
(AFSA-22) of the Office of Operations, John Powers, Joe Hyduke, and
Dorothy Blum, was given introductory briefings on the ATLAS compgtcr.
including programming principles. Of these, only Mrs. Blum spent consider-
able time working with us. She collaborated with John Rixse on a rathes
ambitious ATLAS program, BLUEBIRD. Other people from AFSA-22 who
got their start on ABNER included Li. John Richards, _Wiilian? Hooker.
iohn Young. Lt. Larry Michels. and Emory Coit. Li. Richards’ program
HAYSTACKS was one of the first large-scale jobs that ran on ABNER in
the spring of 1952, soon after ABNER was checked oul. This program.
which examined pages of key in a search for certain ¢yclic characieostics,
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gl Of the PROD programmers 'who became ABNER specialists in the
carly ?95(26. probably the two most enthusiastic were L. Russell Chauvenet
and R:chn_rd A Bentley. Both found the special analytic features of ABNER
most fascinaling, once their complenity and variability were mastered. Dick
Bentley was responsible for the pragrams SHOWDOWN, FARO (.;ZAR
LABYRINTH, MAZE, WALNUT, RENQ, and SUICIDI-E. S-everai of th:s;
pm;rams [CZAR. MAZE, RENDO, L"ABYR[NTH) were among the Agency's
earliest e¢fforls in “dianzztion'” of high-level systems. FARO made parli:u-
lariy good use of ABNER's snigle forward and backwerd movement
i:lpahllmes of the megnctic tapes.' Russ Chaovenet wroie JONQUIL.

ITAMIN, and NFMATIV. The PRQD Monthly Operational Summary fo;
March 1954 contains Lhe following meferences to one of ihese

It ol altomalic program selechion came

aboul as the r‘esult of‘a suggestion by an ABNER operator, later tumed
?msramrrlgr. Jim Bostic noted that programs which were roulinely retained
or TTuse mvol?'cd clumsy storing, filing, and manual retricval of punched
r:lnpcr mp& His suggestion was for use of the Raytheon magretic tapes as
I;:Jrarr, each reel could hold many programs. Bostic wroie a program

ASTERMIND, that automatically assembled many paper tape pmgrams.

Uy In the Augumt 1977 i e .
expericrces, ’ s of Cryprofeg, Russ weites intercsiingly of his ABNER

e
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together with mentification and the meaas for relricving a desired program
for ABNER aperation.

wgm STETHOSCOPE. ABNER's most spectacularly successiul program,
STETHOSCOPE. followed from a casuai canvemsation between Frank Lewis
and myself, carly in june 1953, We were discussing the weli known {but still
fairly new in 1957) capability of gencral-purpose computers 10 foltow sets of
instructions faithfully, once they had been prepated and checked. We felt
that one class of cryptanslytic operations that might be ideal candidates foy
such computer treatment was the iniial diagnostic tesis which are 1ypically
applied 1o cipher wxls of unknown systems. We decided to discuss the idea
with other analysts and programmers, and on Junc 17 Frank and 1 met with
Ted Leahy and Bill Lutwinizk; 1 brought with mec tbroc of our experienced
ABNER programmers; John Rinse, Lt Wilbar Poicrson, and LL. Jerry
Kimble. Al the meeting it was decided that, as a first step, Lewis and 1
would plan an outline of the kiods of crypianalylic operalions to he
underaken. Within the ncxi monih Frank hed a chart thai began with

3

—

hed assigned Kimble and Peterson (o program severs) of these routines. On
October 15, 1953 the first successful test sun of STETHOSCOPE was made
on ABNER. The following month, the STETHOSCOPE program was
demonstrated for George Hurley and several other crypuanalysis from PROD,
using 2 known Test MESEAgC and one UNKNOWR MEEsagE. During the pext few
months, additional roatines were being added to the STETHOSCOPE

[

. colleclion!

[(N3} When Ihe Girst successful demonstration of STETﬁm PE on

ABNER was made in October 1853, George Hurley was among the Girst 10
sense its power and futurs possibilitics. He proceeded to launch a compaign
among PROD managers and crypunalysis which soon took on the fAavor of
a onc man crusade, spreading the STETHOSCOPE gospel 10 all potential
nsers. George gave talks at mectings of various machine planning panels, as
well as ameng individuel PROD operations and management people. In
addition, be made constructive suggestions for mdditions and improvements
o STETHOSCOPE. Paul Oyer soon joincd wilh George. nol only presenting
for cryppies the present power and future possibilities of STETHQSCOPE,
but also taking the lead in drafting much of the written record.

U} By the summer of 1954, ST ETHOSCOPE was considered operaitonal,
and thanks 10 Hurley, Oyer, and oshers, was more and more Trequently used.
Bur the method fos specilying and assembling particulas tests for cach
STETHOSCOPE tun were still primitive and cumbersame. To overoome
these problems and to expand the diagnastic capabilities of STETHOSCOPE.a
new project called LULU was begun. 15 purpose was o develap a compiker
that would automaic the construciion of a program from a set of small
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subroutines as specified by a user in a higher-level taaguage. This was a boid
step because not even assemblers existed at that time. In the fall of 1954,
Bill Cherry (from Operations) began [he development by creafing a set of
*utilities” ~~program dumps, trace programs, sclective traces, and the fike.

{U) Ancther essertial festure that would be cequired befare a true
compiler covld operaic was a reiocator. Bifl found this part of the job
particularly challenging because ABNER's order code, more rhan ather
computers, was sprinkled with *‘addresses*” that were not true eddresses, but
mather greups of bits varying from | to 10 each, which in effect excended the
order code. In Ocrober 1955 Bill attended a short course of insyruction in
UNIVAC's A-2 Compiler, given by Grace Murmmy Hopper. The A-2 was
pratably the only operating compiler in existence, and Bill's atzendance at
that course enabled him to make some improvemenis in the ABNER
compiler system under development. The finished product, LULU {also called
AYAC Compiler), was enthusiasticatly received. For the first time, it became
possible for the programmer to employ a higher-level lanpuage 1o specify and
astemble, from magneric lape storage, #ny desired set of precoded routines
inn the STETHOSCOPE library. In fact, LULU enjoys the distinction of
being the first locally developed operational compiler in use on any computer
at NSA ° :

{Ul In 1957 a major revision of STETHOSCOPE was made, called
SUPERSTETH. I prircipat improvemenls were in  greater capacitics
{alphabet size, volume of daa sets), enhanced capability to generate other
streams of data from input streams, and additional more saphisticated
slatists. For convenience, a sponsor could make selections from the library
of routines, wsing the SUPERSTETH Rebus, together with sets of Rebus
schedules, called “*prescriptions.™ The ABNER SUPERSTETH PIOErAm wai
writien by Don Wood and Jim Bostic. SUPERSTETH was also implemented
on other computers. including ATLAS .5

cr it Bﬂﬂ_ M 3

{U) By Decemnber 1952 ABNER was being run several nights per week by
PROD personnel plans were formulated for a team of PROD operators and
mairienance peopk. Mr. Roberl Lyons was to bead up a maintenance Ieam,
10, be assisted at first by Bob Winter of Lhe R/D mainwenance engincers. The
date of 5 January 1953 was set for regular swing shift operation, under

HUY Bl has documenicd LULU in his “AVAC Comprier Manuwal" [17], and abo
~*Combinarions of Routimes in LULU Library,” 25 Jan. 1957, [13]. Also, in 1961, Paul Oyer
prepared 2 deseriplion of the STETHOSCOPE programs, designed o mssist prospective mew
STETH{SCOPE users [ 14,

“IU] SUPERSTETH has been documented by Paul Ovyer. George Hurley, W, Rue Murray,
and Edwin Hughes {15, 16, (7],
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supervision of R/D. Severa) full-time ABNER operators were also bring
trained.

(U} Those first few evenings of swing shiit ABNER operations were
enciting. During the first evening Dr. Kullback, R/D Chief, telephoned 10
inguire bow things were going. The program ORIOLE was run, with only
slight difficulty. The next few nights were almosi 100% rouble free, with
successful runs of HAYSTACKS and 1ests of other programs. During the
aext few months much useful work came from ABNER, including successful
rms on the RAIN-C, JONQUIL, BICYCLE, ORIOLE, apd SCOOT
programs. Also, the programs RAIN-D, SNAIL, and x5 Matrices were
being readied for operational wse. The percentage of wseful time (of tolal
available for operations) was as follows:

January 1953 79%

February 1"}
March 83
April !

{*) Lower operational record due to Feranti lape reader voltage Ructuations;
{roubk soon corrected.

{U) In May 1953 transfer of control of ABNER operations during swing
and gruveyard shifts to PROD was ‘. . accomplished smoothly, refecting
the good training and close cooperation . . .** between R/D and PROD." The
regular day shift was reserved far R/D cagineers' continuing modifications
and tests, including installation of magnetic wpe drives, card reader, and
high-speed printer. )

() Bob Lyons neaded the team of MPRO mainlenance engineers and
technicians; Low Morgenweek, AF Sgt San Stoddard, and Mavy Chiel Fred
Elliott were among the earliesi members of the team. For more than a yoar
(from mid-1951), this wam of MPRO cngineers worked alongside the R:."D
people who were boilding the machine. They performed at all fevels, helping
instail coaxial cables, making diode gates, ard checking tubes. Of course,
this was valuable expericnce int view of the complexity of ABNER. As later
noted by Dick Bernard [17) ABNER **. . came close to being a maintenance
nightmare.'" This, of course, was a direct result of the fact that ABr_\_I ER was
literally a *'breadboard™” muachine. Ja fact, ax we have said, additions and
modifications continwed to be made by R/D engineers during one shift each
day, afier the equipment was being used operationadly. )

(U} After the computer was tumed over 1o MPRO for the two night
shifts, one of the first projects undenaken was to inspect all germanium
diedes in ABNER's memory circuits. During the four weeks required, abous
20% of the diodes were replaced, and a marked improvement in operational

tU) PROD Monthly Operational ¥ for May 1953,

f
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cficiency was noted. To assist in isolating sources of malfunctions, a

*“*Dictionary of Cperands’” was created; this served 1o supplement the R/D
engineess’ own calalog showing all possible variations of each of the
instructions. Besides the lack of hardware or saftware diagnostics, there were
instrumentation probiems. Oscilioscopes adgevate to observe and correct
timing problems, for ¢xample, were not at first available. Special cxtemnal
circuils were designed and fabricated which in effect provided a delayed
sweep capability. These circuils were the predecessors For the delayed sweep
feature which is now on alt oscilloscopes. Gradually, the MPRO) maintenance
tearn, with help from R/D engineers, was able 1o get control of the situatioa.
One of the steps Laken towards alleviating the pressure was the seiting aside
of a partion of time cach day for preventive maintenance. Marginal checking
of the ABNER memory began in December 1953, and wes later extended Lo
the whole machine. In Auppst 1953 a second magnetic lape mechanism was
being installed, and the converter was soccessfully wsed for punched card
input to ABNER in an operational job. Also, abont this time two standard
service roulines were in operalion for printing and pumching ot the decimal
addresses and letter operation symbok for any selection of consecative
memory locations. By December 1954 a modification was completed making
it possible to read paper apes conaining ¢ or T-level coding directly inco
ABNER. And magnetic tape was used suecessfully on Iwo operational
ABNER programs. Preparation of accurale magnetic tapes for use on
ABNER had been among the difficull problems, requiring changes in reading
heads and much adjustment of the tape transports. By April 1955 an average
of one BO000-block magnetic tape per day was being made, with 100%
accuracy. On 1 August 1955 ABNER was officially turned. over to PROD.
By December 1955 several steps were being taken lo increase jis operational
time inciuding effective control of preventive maintenance and allocation of
blocks of time [or checkoul of new programs. As a result, available vime for
ABMER operation was up abo 25%.

{U} In Fedbreary 1956 a modified Remingion-Rand line printer was
connecled 40 the ABNER Converting Unit, for use with ABNER{2). The
R-R printed 10 lines per serond, with up to 120 characters on a hne, This
compleied the installation of ABNER's auxiliary equipment, making il now
possible 10 print from the Converter information from a magnetic tape drive,
¥BM Card Collator, or from ABNER iwself, A litule later (Seprember 1956)
the converting device MAYBE was completed. 1t could be used to {1} print
from ABNER magnetic tape on line printer. (2) convert from punched paper
lape to magnetic tape, and (3) convert peanched cards 0 paper tape. In
June 1957, MPRO accepted ABNER(Z).

{UY The various modifications being made by R/D enginecrs and techni-
cians, plus adjustments and repairs, occupied so much time that ABNER(2)
had not given much productive operation when, in October 1957, it was
disassembled and moved to Fort Meade. {ABNER{1) of course had not becn
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designed for relocation. so it was dismantled soon after.} After the move to
Fort Meede, ABNER(2) actuafly performed more rcliably than before the
move. This was, of course, the cumulative result of the serics of modifications
and additions, some of which we have described, and also panly duoe to
better tools and more cxperience gained by engineers and operators. Bul by
the end of 1959, the computer engineering art had improved so much that it
was no longer warth the effort to keep ABNER running, and the machine
was retired in February 1980,

IMPACT

(Ul A Tavorite excrcisc among writers of history is 1o speculate, with the
benefit of hindsight, or '‘what might have been.™ Such an exercise is not
often useful, but on occasion may be educational. *

(U} As a sometime writer 00 computer history, 1 am ofien inclined to
wonder about the direction the computee indusiry would have Laken (the first
few yeary anyway! if the first modern machines had been planned in response
10 the needs of business instead of the miliwry (ENIAC's ballistics
computations). Or, if this Agency's machine planners had gone a step heyond
our World War [T Bombes and the kke (which were really large-scale daw
processors and statistical analyzers), and had come up with the first stomd-
program devices, we might have designed an ABNER-like machine five or
ten years ¢atlier. That is o say. if the hrst applications of stored-program
electronic “‘things™ were non-arithmetic (or non-mathematical), we might be
calling them '‘anmalyzers™ or *‘information handlers™ instead of computers
{how abog: 'datalyzers™™ ¥,

{UJ} As a practical matier, 1'm not sure that computer history would have
been much different; after all, UNIVAC | was designed for the Census
Bureau. But 1 have fell all along that their ability to compute a1 *“out-ofl-this-
world'" speeds was secondary, as far as innovative contribution is concerned,
to the computer’s revolution in logical oFganization: the stored-program, the
diseriminaltion-type instructions. let me hasten (o acknowledge (he vital
contributions of our engineer friends who came through with high-speed
circuits and components, as well as the weit-known memory and input-cutput
developments just in time for the computer revolution.

{U1 Even though ABNER was a “"breadboard'™ machine, and ils aperating
record did mot match that of some of the machines that were delivered by
commercial compuler developers, #t did petform well enough to produce
useful results in vital cryptologic situations. Further, i was the darling of
those programmers who were attracted by s many housekeeping and
cryptolegic shorteurs. 1t was these aspects of the ABNER experience that
justify a special place w our historical record. ABMER's wepetition fealure
was the immediate ancestor of that feature in both ATLAS 11 and BOGART,
as well as their respective commercial countcrparts. And the clectronic
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comparitors DELLA and CICERO grew out of, or were Ray Bowman's
inspirational follow-ons from ABNER's ““swish™ instruction. Even more
striking. the HARVEST Streaming Linits may be said 1o have been based on
the same ABNER feature.

(L) Probably of more significance to the ouiside computer world, although
not generaily known in time 1o have much impact, was ABNER s immensely
flexible complenrent of input-output features:

(F) ABNER was the workd's first ebectronic computer thal could
compute simuliancously with inpul-output.

(3 Blocks of words 10 be read from or writien on magnetic {ape could
be either conseculively numbered or individually addressed words in
memary.

1} Direciion of tape motion could be forward or reverse,

14) Block size on magnetic tapes coskl vary, in multiples of eight words.

(5) Owiput printing could interpret each word's set of nine characters as
being read in forward {right to left) or hackward (left to right) direction,
(U3 OF course, a5 we have said earlier, the very comprehensiveness of 55

many inpul-ouipul oplions was impressive if nol unique: conventlional paper
rape reader and punch: photoelectric paper tape reader {315 characters/
sccond); [BM card reades and punch: four magnelic tape drives operating at
aboul 250 words pet sccond; culput typewriter: high-speed printer {Anclex
on ABNER(1), cight 40character lines/second. Reminglon-Rand line printer
on ABNER(2), ien 12<haracter lines/seeond.) fn addinion. it was possibk 1o
conver! data among the above media, simultaneous with computation, wsing
the Converting Unil. us well 85 enfer or read oul dala manually from the
Console, binanly, decimally. or biliterally.

{U} Nol muoch has been said about sofiware [or ABNER. s fact,
programming was done at machine-language level. Bur NSA’s first operaling
compiler was developed for LULU, the ourgrowth of STETHOSCOPE. And
of course SUPERSTETH built on and expanded Lhis still further,

(U} Finally, as in most large innovative developments, a great impact was
fell in respect ro the peesonal and professional growth of all those involved
in ABMNER-—the ponners, designen, builders, progammers, opertors,
muntyacrs—even the sdministrators whose “‘yesses”’ came through when
needed! We who were associated in this pioncering efforn in a pioneering
industry can look back on om¢ of the most rewarding experiences that can
come 10 anyore, and we are thankiul for the support we all enjoyed.
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